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(54) Data communications system 



(57) In a digital communication 
system for use in a local area network, 
messages are conveyed over a cable, 
which may be an electrical cable or an 
optical fibre cable, using code division 
multiple access spread spectrum 
techniques. In such a system the 
message is modulated on to a quasi- 



random bit stream whose 
characteristics form an address for the 
terminal to which the message is 
directed. 

Such a system is known in 
specialised radio systems, but is not 
normally considered suitable for line 
communication because of inefficient 
use of the bandwidth. However, in a 
short-range local area network this 
disadvantage largely disappears. 



The drawings originally filed were Infoanal and tho print here reproduced Is taken from a later filed formal copy. 
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SPECIFICATION ^' ! '^v-i • — - 

Data communications system^ 

The present Invention relate^^to 
CQmmunication systems of the so-called local 
area network (LAN), type, i.e. to such system's 
'where the system terrhinals are fairly closely 
spaceci. /, : ... . ' . . |^ 
\ Typical systems of the above type are used in 
.gn o^ice block er on a factory site where a 
, number of terminals have to be provided in a fairly 
ponceptrated.area. One, example of such a system \_ 
is the by-pass system described in our Application 
No. 81 1 3348 (S. F, Smith-^R. V. Latin 3-1 ), . , , t 
which describesan (ad^-on. network 'which may 
be of the Qpen^or closed-loop, type for an existing 
telepl^one e)^change such as a .PABX, Ah object of 
^ the inventioais to proyide a system such as, for. . 
Jostance thgt c>f ifielabpve.^^^^ with an Y 

i m p rby ed a n3 eco no m ica I w ay^of cd n vey i n g t h e \ 
information. \_ * ..\ 
/ ; ' According to iy^e inyentipn tfiere is provided a 
djgitaf cp^rnniunicaiip^^ system, ^which ; 

includes a number of terminal^ of which can 
_orig(inate^ and/or receive messages, 'and a physical 
transrp^^sidn path said terminals, wherein . 

the messages to be cdnyeyed'^re sent usjng . .. 
spreacl spectruiTi tep.hniques wft each message 
t6 be sent (iipdulated in.a^m to , 

th4 station or statipris for whibfi that message, is., 
intended, arici 'wherein at each terminal at which 
messages can be received all incoming messages 
are offered for correlation to thie address or 
addresses^ a pprpp to that station, the 
correfatipn means fpr a said terminal only " _ 
' responding to nriessages ir|tehded for that , 
terminal. ''\ \ . , . ' \ ... 

The particular form pf^ . ." 

techniques used herein is code division multiple 
: access (C!DMA),^and use of CDMA in a spread ' 
spjectrum system is known iri certain other fields, _ 
such. as in spebialisecl military and satellite radio * 
systerns. However, its use in non radio, i.e. cable 
Jeitfier electrical or opticaI)„systems is unusual.. 
^ 'i^itherto It has usually been cpn^^^ 
wide bandwidthV and comparatively in^^ 
bandvi/idth utilisation wbuld,rnake such systems . 
. unsuitable for use in cable systems. HoweveK we 
have appreciated that CD spectrum 
systems are in fact so usable, especially virhere 
the system is relatively localised." ' ' 
In such a bysterh. in which the mbdulatipn . . . 
technique used is sq'metirries cal^ pseudo-hptise' 
' mbdulatipn, a^ . ' 

^ carrier iS'^sCibject^d to irregular phase reversals in 
a mbduTgtof; ThysVreV4r^js ai-e'controlled by the 
oUtpu.t of'^a code generatoi^. Which in turn is 
• controjled by' a stable oscrliator or clock of 
f refluency'tJ'The cbde'generatbr produces a 
"stream of 'Binary dlgitsih a p6eudo-random. 
' seq u e rice; and 'th e ' m'bdU latio'n'data,' which Is 1 or 
't)"bife; is'^sdperimposed on th'e pseudo-random 
■ s'4"que'fifie71he're¥u waveform, which-iisin * 
effect a comblna^^^^ ' * 

■is^bu^nbe^^ridihe'modb data, is applied to 
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' the balance modulator, which leaves the RF 
carrier unqhafiged fora 6 bit in the resulting 
. vyaveform!a^d prbduces.a.phase reversal for a 1 

bit/ ' * ■■ ' ^ 

,^ Xhe.pseudp-randpni sequence is derived, for 
^^aimple frpm^.a register. With n 

stages there'is a1sequehce^'of/(2"— 1) digits before 
the_sequence. r;epeats. By varying the settings of 
/the f!eedbabk"s\^itche^ various different 
sequences ban fae generated. In the system to be 
described bf:lpw^ Tfstages are used, which gives a 
s^que^nce of^^ although in some cases 

such a shift "register may have'^as many as 1 5 
. sta g es, to g iy e a seq ue n be, of ( 2 ^ ^— 1 ) . 

At,aVeceiv.e/in such a system, the incoming RF / 
signal is passeci^th rough an, identical balanced ^ 
modulatpr yriyen from an identical code 
^ generator. If the, same code istgeherated, and if 
the tvyp codes are in syhchrpnism, the effect of 
the ph'^$e reversials is nullified. To achieve rapid 
syhchronisrh, the clock driving the receiver code is 
run at a slightly different frequency from that of 
the jransrnitter oscillator, so that the two codes 
drift across each other. A correlator gives an 
output only, when the tyvo^cpdes are in 
synchronism, which.output can be used to hold 
the receiver clock ai^the correct frequency and 
phase. If the transmitter and receiver codes differ 
there is no output from the correlator.. >y*v 
\ J The cipck'freguency— and'alsb the' frequency 
of the pseudp^rahdom cpde sequence — is much 
greater than 'the frequency of the modulation 
data. Thqs the pseud b-Vandom phase reversals 
cause the spectruhi of thb original modulated 
wave xp be 6p?ead. The erivelppe of the spread 
spectrum is a sin >^x function, and the energy is 
spread'oyer a bandWidth of approximately 2f^, 
Uhwah't^dsigriais, if not already spread, are 
spread lay the action of the receiver phase 
reversals, "and appear in the receiver output as 
noise. Spread signals; using a different code also 
appear as noise. , ' ' , 

Thus such a system'lises a number of signals 
alt of which occupy the same frequency band at 
the sarhe time^ and this gives' a number of 
features which arie usieful in a LAN system. These 
'features may he summarized as follows: — 
' ' (a) Any user can access the system .at any time 
without haying to wait for.a free channel. Thus 
there arb no call collisions or blocked calls in the 
usual sehse/ialthough ^traffic is eventually limited 
bV the ayaiiability of plant and associated 
spftWbre'.," Y*' J" ^ 

(b) i^ere number of 

;activVuser4 that can be handled simultaneously 
by the System. \A/h en the number of active users 
exceeds.the design value, the result is a 
degradation of performance fpr all users rather 
than any user being denied access. Thus the 
system exhibits graceful degradation. 

*{b) Since each iDotehtial user is assigned a 
unique signal set^ or "code*', a' resultant "fringe 
benefit" is messa'gfe privbcy. This is, of course, 
privacy vJi'tK re^p^ect^^^ listener, which 

is not to be confUsed Witli bhcryptibh; thus 
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message interception by a suitably equipped third 
' ' ^party* is not' (^rfecliiaed:^ ; f '^^ ^ 

' (d) As each user retains his code, there is 
rid ch^rihef'swifdfiifig^br addr^^^^^^ as he 

5 changes his location. ~ 

(e)'Srhcfe'^a)f ii^^ bsnd, the user 

hardyvare, i.e. th^ firie t^rrrtitlatibhs; can be 
' ' identical.;-? ; 
^ The physicaftraris^ is either an 

1 0 etectric^I cible'^uftJh as^a coaxl^ff cable, or an 
■ bpticaimrecSb^i" ;; ^ 
. ' ' E^juipment efmfepdy^^^^ now 

*b eel efecri bed' with, ref 4ten ci e to^ tfi e a ceo nri (d a n y i n g 
* ' drawmg'sjn which: ' " ^' 
15 Figuire T shows partjof a transmitter for use in a 
system eWbbdyirSg the ^ ^ 
iFigilire 2 sho\)J^in blbtk dffa'g^^^ form p^art of a 
''receiver for a ^^terrt erribpdying the invention; ; 
' ' ' Figufb 3 showi th^ effect of the receiver' * ' ' 



Figure 2 shows the essential features of a 
receiver for use With ^rahs/tiltters of the type 
sftBWn' In' Figure 1. this Is based on the matched 
filter summation detection technique, and is 
70 r^sjiohsive to two "replied codes", one unique to 
; the device includihg the circuitry of Figure 2 and 
; pne for recfeiving broadcast tr^ansmission. 
* The line interface' 10 applies the received 
signals frprji the line, amplified if necessary, to 
' 75" tv/O'o Selection. fchannels; dr10 for the "device 
unique'' code and one for'the bfoadcast code. 
' ^Both cKanri^lis are supplied by a reference 
oscfirator 1 1', one direct ^d ohfe via a 7r/2 phase 

^ ^Kifter^"2. 'r:f'' ./v:' ' 

80 ■ As th^ two chanriels are similar, only the upper 

' cinte' vvill b'4 de'Sc'riBed. Here we have a product 
\;; ' Jdetecter TSi'ecf 'frpHi/th^ referehce oscillator 1 1 
andlhterface='1 p^^^ an output in 



20 




correlator oh Wanted and unwanted spread . ' 85Tsamplea and dUan^^ clock pulse control 

signals, thiB code rate and the mifprmation rate nor ' ' ' ^ iVthe t>1bck'V4''f^^^ to a shift 

bleing tofecale. . |. ''t ^ register 15. Here th6'^1t stream is correlated with 

' We^ now refer to Figure 1 , which shows the IJ.. ^h^^^Pp"''^^!^'^^^ replica co^Je from a store 1 6 and 

' esseritial^ of thd transmit part of a line interface in" ^' "Hhe'dutput ^ppti^d' via' tVe sdmmator 1 7 to the 

/ '\Fi^u^i" 3 iilustra^^^ used both for 



25 a' system e/n'bddymg the invention. In the ^yes6nt 



arrarigemept thel'availa^^^ is tpO KHk/ 

ih whi<ih"caSe the tofaV aggregate device ' ' ' 
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infprr;natioh; rate is 240 kb/s..Thus the system dart 
. handle 1 6 jdevices each of whicK operate^;^t 2.4^ 
^kbjj[s^ or a variety of different speed devices * 
. whose bit rate^i^a^gre^'^af e at 240 kb/si. As alriea^cly 
; indicated) if this.'pxeserited b.ij rate is exceeded, 
graceful degradation. of the performances of ail 
devices Qccur. Notei that if the system uses a 
, wider bandwidth, e.g. by the use of coaxial cable^,' 
or bptica I fibre cables, the total aggr^g a 
jnfprmatiph rate gan M belhcreased, e.g. to 
. abpye 2400 kb/s in a cpa'xial cable system. 
^ / in Figuri 1, the cloc^^^ pUlse source controls the 
"^data'sdurce' 1 th^ output of whidh feeds a * 
Vne;»dulatioh device^ 2. The»^^ is also a,feedback 
shiftregiifftef 3;whW6>witcK^^ ' ' 

generate a desired sequence, This sequence, 
which repeat^ is'the codejFpr a message to tie ' 
sent/and the sWitches are'se^ to the code for a ^ ' 
'/nessag^'S destine the message is to be 

s^nt. The'CDMA code thus generated is applied to 
tlie modulation d^vice'?,^vv^ . ' 

^^via a iirie driver 4. to the-|fne: .^^ , ' '„ * ' ' V 

;Using a severiTStage 4hift jegi^^ with variable'^^.. 
' taps, as shown,. whfcH taps qah lye set according ' i V5 
; to an addrQs^^cpdelopI^^^^ 18 m- . , , 

" sequence, le. 1 8 uhtciue^nja)(irT>LLm length address ^ ' ' ' 
podes can be defi^^d, 1^6 for^i^evice^ or terminals 



^ tfarisimis^ibn and the effect of 

; tfie receiver fcprr6latipn"b^^^ and unwanted 



spre^df signals.The cod information rate 

^re not to scaJe^^buith(9 ff^lire ^oes show that the 
code rate is Si '"^^^ of 'the.l^hformation rate. 

. ,1. *A digital dpmm^ system, 
which ihcluSes each of 

! 100. ,'yvhich can Originate 3nd/orYeceive messages, and 
*a physidal tranbrnissidn pa^^^^^ 
, terminals, wherein. the messages to be conveyed 
' , are seht'using^spread spe^^^^^ techniques with 
. . / ea,ch message to h^ sent/m^^ in a manner. 

.'l 0.5. appropriate to the station qt station? for which 
, ^ ^ , tha¥ mess^pe isinteSdbd/dnd^whferein at each 
' ^ terminal at^which message can be received all 
\^ .l.ncoming message^^ are offered for correlation to 
' the adQfiBS^s or acTdresses apprdpriate to that 
^1 1,6^ station, the correlation m^eans for a said terminal 
. only respon^Jhg to rriWssag^^ i'r^tended for that 
' * ' termina.l. 



2. A dig^ltai ^?9fTirnum^^ system, 
which Includes a . nu^ each of 

,whlcn carij^prigV^ and/or 
hb^n-vpipq-m^s^ a physical transmission 

medium jin^^ng said^terirnjij^ the 
meis^ges to b>.c^^ using code 



°^^f^^>f^^^®n^-^^^°r' i*"??*^^^ ^ ^^''9^'P''^.9. V ' r - .^^^jyisioq.mu spectrum 

acce'ss^tp ^^nlqJKer LA|H yi? a "gi^teway"^ dewcpV.;- ^ . 1 20. tobl^e sent 

-n 1^ f z.* ^-^-L H r»-r mp^cluiateii*^ to the 

./stetionjir ^rtatloh^^^^ 
^, . Jntftnd^d, apd jjyKereio^ ,eac?h terminal at which 
p • ; ;mpssagiB^.c3n incoming messages 

1 2,5 :.ar^p;^er^^^^^ address code or 

.Jr.,^ cpi^es apprpp^iat^.^to^^hat"^t^ti correlation 
,npjian^ foi] a.s9jd4e^k^aU^^ to > 

: f^jB:; i'S^i^x^^'^^.^cu^}^^^^ ^' which a 



The code fpngth for^each infqrrxiatibn bit is 1 TT,, ^ ^ ^ 
code bits, w^iiph gfves 2,1 db .'rngrgin against . ..^ ' 
interference by other devi is usually \ 7 

/called the ja.ippri.mg mgrgin. ' , , u . 

Althpugh^trie'y^ are shown as^-bg^ing 

.mechanic<9l s^gfitqhfe"?^ tl;iey are normally electronic,J^ 
gating d^vj^e^^qont^^^ 

which jiitsetf 5Qn^tm from a 1 * . \ . 
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terminal at which messages can* 6% originated 
t includes a feedback shift register with variable 
control taps, and control means for setting said , 
taps to cause the shift register to repeatedly 
5 generate a code sequence appropriate to the 
termirTal or terminals for which the message is 
intended. 

4. A system as claimed in claim 1 , 2 or 3, and - 
in which the physical transmission path is a 
10 coaxial electrical cable. 

, 5. A system as claimed in clainri, 1 , 2 or 3> and / 
^ in vyhiph the physiqa! transmission path is an 
optica] fibre cable. . ^ { . - , .^i ^ 
6. A data communication system, substantially 
. 1 5 as described with reference to the accompanying 
drawings. 

New claims or amendments to clairhs filed on 25 
May 1983 _ . ^ .^^^ „ . 

' : New or^arihe^itjed cLdim^ . - 

- 20 7. A digital conjmuhicatLon distribution system, 
which ihqludes^a num'ber of terminals each of . 
which can.originate and/or receive messages; and '-■ 

f . - a physical transmission. path such as an electrical 
cableior aaoptlcal fibre cable linking said ^ 
25 terminals, wherein at a transmitting terminal a 
modulated RF carrier is subjected to irreguliar 
phase reversals in a balanced modulator, wherein 
the phase reversals are controlled by the output of 
a code generator yvhich is itself controlled by a 
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stable oscillator or clock, wherein the code 
generator projJ.uces- a stream of binary digits in a 
ps§udo-random':sequence, the modulation data 
which consists or 0 bits being superimposed 
POJhe. binary . digits of pseudo-random sequence, 
wherein the waveform thiis produced, which is a 
combination of the pseudo-random sequence and 
the^modulation data,.is applied to the balanced 
moduiator in suph a way as to leave the RF carrier 
unchanged for a Oicondition in said combination 
andrto producer phase reversal of the RF carrier 
for a! 1. condition/ wherein at a receiving terminal 
the incoming RF signal is passed through a 
balanced nnodulatpr identical to that used for 
transrnission, wiiicb balinded modulator is 
controlled by. a code generator identical to that 
used for transrnission and which generates a 
code, or one of a plurality of codes, appropriate to 
its terminal, wherein if the code generated by the 
receiving terminal code generator is the same as 
that used to produce the incoming signal, and if 
the two codes are in synchronism the effect of the 
phase reversals Is nullified, wherein a correlator 
gives an output when- the two codes are in 
synchronism which maintains them in 
synchronism, and wherdin.th'e signal with its 
phase reversiais nullified. is the same as the data 
used at the transmitting end to produce the signal 
being detected. : . ^ 
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